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(54) SEMICONDUCTOR LIGHT-EMITTING DEVICE 

(57) Abstract: 

PURPOSE: To obtain a gallium nitride semiconductor 
device having high light extracting efficiency by 
forming a light emitting layer of a gallium nitride 
compound and extracting light from an electrode on which 
a pattern for uniformly applying a voltage is formed. 

CONSTITUTION: After an n-GaN semiconductor layer is 
formed by opening a Ga shutter 13 while a substrate 8 is 
heated to and maintained at 700°C and an ammonia gas 
Is supplied from a cracking gas cell 6, a Zn-doped p-GaN 
semiconductor layer is grown on the n-GaN 
semiconductor layer by opening shutters 13 and 16b. 
Then an element pattem and electrodes are formed 
through a precise machining process and an Al electrode 
and netlike Au electrode (covering 25% of the surface) 
are respectively formed on the surface of the n-GaN and 
p-GaN semiconductor layers by vacuum deposition. 
Therefore, a semiconductor light emitting device having 
an excellent performance can be obtained when a 
package is formed after elements are cut off with a 
dicing saw and wiring is made with gold wires. 
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o:>Wfm<Dmmzmmmm^nr^^^^miif^%ytm^m 
ffizi^pm^^wt i m^^mMm1si^mm\znE. 

[0 0 0 1] 

mm±omm»w] !itc«*> y'^xfu 

[0 0 0 2] 

(LED) tt. jSl-viJ-fffc^V^Tg^SN^tUTffifflS 

-Htl/Tft, ZnSe. ZnS. GaN-fSiC&f 
[0 0 0 3] L*>U -JKW»:^€an>H=fi'y::^& 

:^A9i^U>ifmz^t}m-snr\^?> [-/aifu 

-if-f J'g > (P r o g r e s s of Crysta 



(2) !i$M¥5-3 3 5 6 2 2 

2 

1 Growth and Characteriza 
tion) 1 7 (1 9 8 8) 5 3 - 7 8] . SftjifU'? 

:^SE^ sfpsi-r s r t i}mmx$>z 1 5 ws^^^sjb 

5^. S i C, GaAs-^GaP^5!iifflV!.6nTV55. 
t*>L/. ->ij3X S i C, GaAs'^GaP©j;5ft: 

ffig^ife* [B^^SjSg^^lg 1 5 (1 9 8 8) 3 

3 4-342], Ln^btim, m^omi^mt 
20 [0 0 0 4] i^fc*j-oT, aft:9u ^m^mmmn^' 

& &S Jt©m t) ffl Lg!|3p©^Vs5BJtSiBSff S t tBB 
[0 0 05] 

m'T-tix. ^^vrct^(Dmtiivm\zm, 

[0 0 06] 

Lfe^t;^® D fflT^ t-rs c: t ck 

titufc. tut)-6. ^m\mmmu±\zm^ti}U':7 

M^mMm^'^ib^xfSimm&^fiK th—D 
^mm\zm&mm^itib\zmi^Mmm 
<Dm&\zmmm^^nx\,^^m»miMf-mmiz^ 

40 pS!*5Vie i m^m»mifiBfizmmizfi&m~ 

«:aMlffl«H&, 5 0Si!*i@AaVi«|lTgK •?■© 

1 m^^m^mu^'^^'ttxt£^mm'ptsi< fh- 
■o^L, u^mizmBmm-^Tcmz^m^Mom 
m(o^mzmmm^-snx\,iz^mi^mm'fmmiz 
50 *V5T. m^!s>f'^\iim^mmmmMtu 
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3 

[0 0 0 7] *i6igt*v»Te. m.tLx\mmi!m 

x-^, mt'r-im (s i c) . i[^f7if*->'^7A (Mg 

O) , -^yy^T (AI2O3) , 5^ (S lOs) . ^ 
ft^^iS'^ (T i O2) , 9-ifym7.htiy^^A (S r 
TIO3) , y>^y7)l'3.:^~h (LaAlOs) ^© 

;3cfil/&aK* y • 9f»T« t fcJ; Off 5 C 

«. ilO«-&fc, S«MORHEED (Refract 
ive High Energy Electron 

Diffraction) /1^->fc*tiTX F-'J-i? 

mmmi'^mim^t 5 ^aT^sxYryg^tas 
cfc 5 -amies 35 5 v^ttiSsai^tto»i85£j&B!c-& u»T, 

[0 0 0 8] *^?g{c*3ViT. S^b:y'J'}'Aj^fi:^i;i: 
}S:^f U -i/A^a* G a N^}4^^*SUH;!f >J ^/A 

355. ;i!fy'>A35ii»#»#tlxTBGa InN. Ga 
A IN, GalnAlN, Ga A I BN#*J*SiJ«i:< 

Ge, C, Sn, Se, Te%*J»D, pS!H-/t>h 
omthXnUs. Ca, Sr, Zn. Be. Cd. H 

e^\.^^m^. cne.®H-/i>h®^tF-t! 



(3) !t$BS¥5-33 5 62 2 

«ijii:-r5;itfeT?^a. K-tr>if®;5stLTe, 

[0 0 0 9] *iiggo**^^3eggtL.Ta« '>;a< 

JO J;<« fct;^an/i, n/p, n/i/p. nVn 
/p. nVn/i, n/p/p-^oi5*i[Jg£W 

S6i::^n^n®iaia^®s?a:s*iessft^ju 
[0 0 1 03 ^nmfmmmmmtLxu, 03 

fC^-r n - G a N/p - G a tCSl-n - C a 
1-. I n.N/p-Gai-. I ^.N®^ififc. n-Gai-. 

20 A l.N/p-Gai-, A l.N, n-GaN/p-Ga 
N, n-Gai-. IniN/p-Gai-T In,N (O^x 
SI, OSySl), a55V5»05fc:a^tn*-GaN 
/n-GaN/p-GaN. 06 fcjSf n-Gai-. I 
n.N/i -Gai-, I n,N/p-Gai-. I n.N (x 
Sy, OSxSl, OSySl) , 07fc^1-n-Ga 
1-. I n,N/p-Gai-, I n,N/p~Gai-. 1 n.N 
(x^y, OSxSl, OSy^l) . @8t^Tn- 
Gai-.AlxN/i -Gai-,A I>N/p-Gai-.A 
l.N (xSy, OSxSl, OSySl) , 09!^* 

30 -Tn-Gai-i-T I n, A 1,N/ i - Gai-.-t I n.A 
liN/p-Gai-i-7 I ni A 1,N (x + y^a + b. 
O^xSl. O^y^l, O^a^l, O^b^l) , 
Ell OlC^-Tn-GaN/p-GaN/n-Gai-i I 
n,N/p-Gai-t I HxN (O^xg 1) . 01 1 !;: 
^■rGaInN»m*^<i^^3i/n-Gai-x InrN/ 
p-Gai-. I n.N (OgxSl) , 01 2fc^'rn- 
Gai-x I n.N/ft^#Pi|ijg/p-Gai-x In.N 
(O^x^l) . 01 3fc3^TGaN-Ga I nN^ 
*&^a/n-Gai-. I n.N/p-Gai-. I n.N (0 

4» sxsi) ^m?>. ns,mmmtiim&ts 

6IS)ESffl!'^JiJ^Cjiii©ffi^!cSIE^^:•a:U^^)T)l&^S^ 

b&fe©-e, iije»7-»ttta^®s;fe5»[W*>5'x 

h n-A£ilT®)aillli&3SHKaSLT»«i:S«3£)S® 
M®M&»?n LT363im£lR)±-r 5 H t SHiga: Ufc 

*>i^x h n-AMToiPs ®^{b;tr 'j <:7Ammm 

^©gttHS^nj: D t)/N*> h'^Y •y::^®;^#?5:^ft;:!y 

y^A^^^aifl^iiawi^^y HS-^^a§^;^e«ji-es 

5<? 5. ;i®J;5a«ii£-:3^t-5*-M?#F*?ii^, 
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(4) 

5 

5. *S:6ll4fcttn-Gai-. In.N/p-Gai-. 

1 n.N/n-Gai-, I n, N/p -G ai-, I n,N 
(Ogxgl, O^y^l) ©J:5&5e3£)iS2)i*T 

sffi2 2nor^i:sffiSHja]-rsi:we®%3t<£, mm 

2 2Ai:«ffi2 3CDl«lc«ffi!£TODt-Si:ifie®%3t 

«M 2 2 -f tm. 2 3 ©wfcSE^mjD-rs tue lo 

[0 0 11] *%?|C*5^tS'^ft;^f'J•^?A^!S¥*^f:»ll 
>if^O-:/n±7,^^B,\Zt?>fi:^at. 5nm&rf\Z 

ffSl.V>t)©i:aS. pll*.5fr>fJiS^ii##Ji©«ii 
KJg^-rS«ffi©«*ttL.TBA 1, In, Cu, A 
g, Au, Ft, I r, Pd, Rh, W, Ti, Nl^ 
©^JH©*#:fc5VJa-?-n&®^*4>P t, W, Mo^ 

mmtm\tmmt^t^m<DmtbT\i. mm 

L<\t4. oevM±-e*t). zn\zi:Dtmmm 
i m^m^m(Dm 7-£/J^^ < Lxmt^ 

Mm^<D^m&mmtmmtr^zt\zi:r). mmo) 
t)®Tfe5o ^^e^^*i^-c5!^s#§rcje)fcpS(fc 

oj^fiiTfrsti-efes. *©&»»::. WSttpSSb 
sv^fi 1 i!ip¥#)i©«iii±{t/i^'->sjgfi!c-rs:: t 

tt, K 1 6 fcs^fi' e/W, 0 1 7 ic^fs 7>^'«i^:■r 
5^:i)^^T#5!5^, S6fcli2:ne.©A^'->W)fi^-ft 

©-e«i&V:>„ miSWtiiilHiEffflroffiliKp^feSVifli 



«'BJ¥5-3 3 5 6 2 2 

$<-rn«, jKwJsoflib^i^Ami-a, «ffi©iii& 

ifif ti^-fceE£WJo-rs 1 1 fc)e©st d m t> 

[0 0 12] *i!?s(c:fei'iTtt, mmmm±(o^ 
^■^v '•ymih^mmm-&rLr^^fsi^m±\zm i s 

s^-fck 5 ;^il>;& < t fc-lw^mSKtt 5 J: t feff S 

L.Ttts» 5.® D m-r t * njigt-rs t) 

©T*So ^itlfciD, %)ts^i"©^0®DfflL35i)^£ 

it, A K In, Cu. Ag. Au, P t, I r, P 
d, Rh. W. Mo. Tl, N i«?©^i5©##:*5V> 

jOS, KMmiityu~A\znyir-9fi>t^(DmJ\> 

fc, Ni, w, uomoMBj^ommsLftmrnt 

[0 0 13] o^fc*ag?®3fiit5R^©«JS^rffifcoV> 

ii^Bii?>^m»m<DmmtLxn, cvd (ch 

emlcal Vapor Deposition) 
MOCVD (Me t a 1 Organic Che 

mical Vapor Depositon)^. ;W 
XV-XMBE (Mo 1 e c u 1 a r Beam Ep 

i t axy) ) m^m^. ^ii^xhtmit^mm^ 
[0 0 14] uT, :yxv-xMBES{c*vir. 

S^=t-rS;yxttfl:^tf©:»XV-X tG a@#:y-x 

mmt^zt\zi:r), m^±\zmm(D^{\::au'^A0> 
¥mm^i=>fsi^mmmt^m-rz:^m\z^^^xmt 

c:CT. ^m^^^t^1S7.^^^^tLX\t. 7 
±E©J;5&ft^ftsm 7;P:^>^'\'J "^A^©^ 

^=fr5:«rx!K'fb^!»©«s&aas««SK*vsTG a 

©fi)c«&SJ:D:^#<1-5^Jll)&JabD, S.m^-^t^:iJ 
xmtmaimmHiG a ©«*&SJ; (5 /JN$ < is.:s> t4 

^■rs G a }^s^wmmmii^ e. ©s^©fett*^:*:# < 

fcJ&^jf ac a N#i*#:»MS#5 S: t^SBSIi&So 
l>fc*t-3T. S*£^-rs:tfxWt:-&t)®ft«&fiBa 
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(5) 

7 

ft:V-XJ;!3 1 om±, ff*Kttl 0 0^ei±. S 

& b < » 1 0 0 0 m±fc-r s n t -e&s. Ssfi 
ftiS-r 5 t c i 0 '^^(awm'mkomh • »ih& 

1 0 o~6 0 ot;©*Bffltcssrsti«»»* 

[0 0 15] ^fXy-XMBEStCJ;DSfl:^f>J'>A5S 

^mmmmm^^^-j!. ca, in^Ai©j:5 

ft I I iM^MTnjRtS^S^-rsjtfXttft^ftjSI^ 

tfeTtS, i:<fc, RHEED (Re f r ac t i V 
e High Energy Electron Di 30 
f f r a c t 1 on) /l^'-^SSSbTX h>J-i^*t 

[0 0 16] SKT, -mtLX7>'i:=.7:f^X>S:m^rc 

\t. m 1 \zmt^ 5 uM^m^ 1 mz. mmjvyt^ 

m^mm2. RHHED;9>10, iSjCt/RHEEDX 

[0 0 17] Si5Effl;l'5/*2K:ttGa^jR^&An. S«c 
Bfc^ViTl 0"~1 0"/ctf ■ seclCftSSKJCJpgk 
b&. 7>^r:7:«fX4'=7s'fl2a^®«ACe!J'5>:y 
^>ifi}X±}V6m\>i. 7>^r:75tfX-^=7s/^fcS 

atR«ffifc*ViTl 0"~1 0"/ci? • sec teas J: 5 



!i$B8¥5-3 3 5 6 2 2 

8 

h^Sl. Ge, Sn, C, Se, Te^®nSH-A 

[0 0 18] »«8 tUTtt, i}-77'f7Rai*i6i}-7 
r'f7cf|l|®Rffijti^&|sig«iiUT9. 2«|fiI^S-a: 

fciiiSffifflU 2oo~9 0 0'c;rlinrRb&, *T, s 
m 1 i*iT9 0 oiCTlnisum m^roj* 

gmStiS^b. 0. 1~3 0:t>i^XhP-A/sec 
OfigglSf-e^JiO. l~3(im®na!GaN¥»*?i 

g<D->\'y^-^m\zm»X^mO. 0 1~2Mm® 
pl!a&5ViiaiS!GaN¥«^»^SJg^-B-Li6, 

^^moimmm^^mi't^. :^m\z^^^Xs rhe 

[0 0 19] -oux. mmmmmz-fwt^yyi/^ffv 
ztiziii). mi'm^m&?>tthizm&m^t 

07* M/i?X h^»SfflV»S-)R«lft7'D-feX-eff5 

Sfflt-iStfcdJffSLK \i7-1Xy'3'>ifmtLX 
a, 'f:t>5 ECRXy9^>if, SlStt'f*^ 
Xry5^>i^, 'f:i->If-A7->XhXs/5^>if, m-i 
*>if~AX!yif>i^Sfflt,>Sit«iTf#S, t<f::* 

ens © H9-^ X9?^>ifife*na 

[0 0 2 0] pa*?.V>{*iS^«*S©S®tei^-t:: 

Cu, Ag. Au, P t, I r, Pd> Rh, W, T 
i . N i ^0^«©**f:S.5V^tt^n^®^^^P t , 

MBEffi, cvD^, M^mm&. i^if-A^if 

&^7.ny^mzi:r)i^m'r^ZttiXt^, Sfc, H 

l©*JiEftLTttA K In, Cu, Ag, Au, P 
t. I r, Pd, Rh, W, T i, Ni^®^M®*#: 

*MBtt. MBEa cvDjs, M^mmm. fti^t- 

Ail^»1'Xy'«!yi'SfcJ;t)fPS-r5J:t«STS5. * 

fc, ^M©as«is&fp»f5«^K:Bj:ne®*ffis 

d 1 1 J: Off 5 t*J-c#s. 
[0 0 2 1] C©J;5a:^jSt;:J;oT#&nfc>!7XA- 

m^u~i^i('~vmm^\ziiz,nv^~^jm\<\ ^ 

[0 0 2 2] 
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9 

hit, 

[0023] 

6. S«JD^*;l/y-7, EaSHSi)-«TS9> RHE 
EDfflS^^^lO, *i;0:RHEEDXi7tJ->l 1& 
ii^fc^fXV-XMBEgg&ffll,i&. 
[0 0 2 4] l%fflJW3}?2CeGa^M£Ani 0 2 

o-ci::!™!!*!^. m%m)vyi^zu\z\tzvi^m^xt\i 

OO'CfcJn^LT. :yx&it^{c»S7l::n>:S#tt*<t 

•5 K LT 5 cc/iiDCD«i!T#iiisufc. mmt VX)t 

©Rli«»;£|5rtiK«|i:LT9. 2AlEate31i-&iSfSfflti 

[0 0 2 5] /SlRltfcfetiTl X 

1 0-»Torrt?*o&. *f, S«8 &9 0 CCieS 05^ 
MJjBlftU :3Vitf7 0 0t:®fifllKfiij$U(*l8Sff5. 
mSiYir >=t=.7iJ7.ii; y y '^^^i^Jtf X-fe;l/ 6 !9» 5« 
t&LUiflP,. S-fGacoj/vry^'-l SSMJt, 1. 0 
:t>*'X hn-A/secW^KSS-eig^e 0 0 0:t> 

fc. '>Yy^'-13itfek:S/'»"y^'-16D£PBJ-J-K 
G a NN^tftiEM^t 8 0 0:f >j^X hn-A©Z n * 
H-lf>i^L&p-GaN^j&^HSJi5fiU GaN^ 

[0 0 2 6] -t^Vi-?, MJiiiiT'D-fexsjifflt-s::^ 

U Vi757-<-7n-tX«®S©7* M^J'X h^tJfsfS 
ffli5;57'n-fexicJ;DfT5cit;0s-C€, x>yf^>i!'St 

ffofc, n-GaN^tii||^^lfc«AimS&, 
p - G a N¥»«^SlC««ffiil;$s 2 0 iim-??SSMlE8t 
75^5 0 umO^y h^OiAunU (Sffi®2 5%SS 

®Brra«iiSBI 3 K. ^^>f ^ 2 CSf. 

[0 0 2 7] C(r):&m\z^rimnit^^^y-1i^>{f 

fc, i::®?g^©tifilri OV©«BE£mjDbTl 3mA 
©SSS&aX-rst. 5g3^5!l«*S9 Omc d©»fiffl5g 

[0 028] 

[SISgM2] 7>tr:7:«fX&«Wc;yxv-XMBE 



!ffM¥5-3 3 5 6 2 2 

10 

mmns), muzm-ii'ifiM^^im. mnwv 

yt^2. 3, 4*^:1^5. i'^y^Vi'jifX-feJPe, S 

SJD«i*;P3^-7, mmmsmmB. rheed^ 
n^mio. *j;rjtRHEEDXi?'j->i 

^fXV-XMBEgS^fflVifc, 
[0 0 2 9] l^JS;l''>*2KaGa^||SrAni 0 2 

9 o-ccjiD^Lfe. ^x<omA\z\tmit7)Vz^yr 
-f A*-S35«(Lfci'^-)/*>i^:yx-b;P6&€fflU 4 
oox:\zlimhx, ^fX£jSSfcS^7!C^i-Wj-5J; 
5CLT5cc/iiin®S«T?#lil&b&. S«8tl/Ttt 
2 Oim^l®;t^3®:t7^l«JO. 3KffltJ-7r-f 7Rffi 

[0 0 3 0] AS^§gt*|®ja£*tt. ^ltt*V5Tl X 
1 O-'Torr-e^-Dfc. SI*. S«8 S9 0 O-C-t? 3 Oi^ 
P^DDS^U t3l,^T7 0 0'C®ji^(C{S«PU^W£ff5. 

*&L&*i^Sfv'^7:5'-l 3&Mft, 1. OtyifT. 
hn-A/s e c®^giiST?l 5 0 0:t>i'Xhn- 
A®J?*®n*-GaN#3S#:l*. SlttT4 5 0 0:t 
>i''Xhn-A®n-GaN¥»#JBS}g^U tJl-iT 

&l<-t:>i^Ufc5 0 0:«->i^X9^D-A®J?*®p- 
G a N^JiUftliSJg^ L G a N^J^IHtsgliSlgSfpSi b 
fc. 

[0 0 3 1] rJUT, ISSfflilDIT'a-feXSafflf Silt 
te«k»), ^^/t^'->©f^lS*±t;«ffiojg^Sff5. 

'J V i^v7-< -7'n-}rxlia«©7;j h Vi^x h*J*f§ 
;!iVi%7D-bxtiDff5'tdST#. x-yg=->y^a: 

fr-Dfc. -^V^t, n-GaN¥¥ftlicKAl«ffiS. 

p - G a ^^m¥s\z\mmm^2 o MmT«ffi^s«i 

^55 0 tfm©:!^-;; hWWAumffi (^ffi®2 5%&S 
©»fffi«ii£ig5fc^-ro 

[0 0 3 2] :i<D:^m\z^f)m<bnrzmj-^i^-i'»!f 
v-xwisiv. u<-Y~:^>f^-\z\z^f)^mm\f'^x 

fc. C:©^T©«StlOV0«£ESHJanLTlOmA 
©SSESaXfSt. ^iia«J7 0mcdffl1iffi©5l 

[0033] 

mmm 3] GaN¥»ft:»tS5ilg*»Jg<^6SnTlia 

m\Zi: D G a N^|i^ai«i*fPSU&. &JRia 
5 0 0 0:t>i^Xhn-i>.©A IStt, JIS3R«i£tC 

©^^©mffitl OV©SESHJliPbTl 0mA©(8il 
^ftA-rst. ^m&i>i8 Omc d©«fi©^«tS 



20 



30 
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(7) 



!|$M¥5-3 3 5 6 2 2 

12 

It. il©*^®«aifCl OV(D«ESmjPUTl 5raA 



11 



[0034] 



jgSt-icSb. ^®±KGa I nN}ES*>e&SlHtl£ [0 0 3 9] 

6. aiRSn^*;V:5'-7, mmmn^^^mQ. RHE f^^Lfc. ^P-Oa I nNip^#:g(lii^±t, ss 
EDfflS^^lO, *5<fcafRHEEDX^U->l 1& 5 0 /zm-eSffiMEfild^5 0 /fmOi'->*^®Au« 

[0 0 3 5] l^;3;V>y!p2 CBG a&MSAn 102 fc. J:®^^©¥ffiffig£0 1 6 tSf. 

ox:\ztamv. m%m}vyt^3iz\tin^m^xn8 8 [oo4o] t®;&sicj:o#5nfc3g^&y'f-»e^ 

Ot:KMU ^llffl;l'^>:^?5K{iMg^M£An2 9 V-f^SfU y-1'^r-:^?>y-CJ;0^«g*fflViTBB 
A'-S^«bJS:i'7-> + >i':tfX-b;i/6^£^£fflU 40 ;i®^T®S1SICl OV®mjESHIlinL.Tl 3mA 

o'cfciraiibT, i}:^mm\zmi7iz<kmmii^ omm^mAt^t. mmmeomcdomm 

]z vx 5 cc/mmmmxmvit. mwrn^ntc 

[0 0 3 6] thXU, 2 OmAOiz^-^O'^y [0041] 

r^-7R|Bd»61}-7T-f7cittORIiijf»SE«s»iltU [*»«IJ6] *«W4K*t>T, p-GalnNJp^ 

e. <SKI^fc*ViTl X 1 0-«Torn?*o&. Sf, S Jfi«S|4i:H«0;^ffifca;l3Ga I n N^Pafl^MfilHSjiS 

fi8&9 0 0'C-e3 ommmU t^VJT? O Ot:®a fmbft. Kp-Ga I nN*»#«)iliMS±C, ism 

aCfia$l/<S|g*ff 5. mU7>^=^7U7.^i^9'j «*t5 O /im-CSffiMEfi^JS 0 tfmffl57>^'«?®A 

+>i';«fX-fe;i'6*>6ttif&L!5:«»^s S-f 1 0#IHGa ufl« («ii® 2 0 SXSIiliPSdJcOl^fi 

©v"f y^f-l 3®*SMlt, -:)V>-eGa 1 1 n(D)Vy Vft> ;i®*^®¥ffl«jSSS 1 7fcS^-r„ 
:j?©->^5,^-SPItjT, 5i^;V!y#3offlS2r8 8o [0 04 2] ;i®:irtiic:<k D^&nfcs^T S^'-f x^i^ 

■c^^sg 1 0"C*-eo. er/mi n®ii«7?#iaL;^ y-i?«)KU ^-fi'-^^^^-tJcO^S^jfflv^TSB 

1. 0:t>yxhD-A/sec®{g8g3iS-e, K «&ff X:4?+->M('J; D A->^-i^>i^U 

J?3 0 0 Ot^i'Xhn-AfflGaN^O^eGao.ss I n fc= ::®^i^®«St 1 0 V®«ffiSf^jDUT 1 2mA 
o.o5Nm^«M«igS:%-r5Ga InN^M^it^Sfl^SS 50 O^SftSffiAI-^i, 5g}t3l«:0i5 5mc d®#fi®^ 

fs. -o^fc. i?G a I nNjis?iBg±(c 2 0 0 o:t> mmm^ntz. 

i/7,hn-A®nS!Gao..6 I no. os N^i^^^gStiEg [0 0 4 3] 

y:S"-SI|{tTMgSH-fc!>ii'U&pi!Gao..6 In ^hmi:^m^<bfs.^^m^miiib, pSfc-SV^tti 

0. 0 6 N*»#SSlSgU Ga I nNjiaaSSSKSfP S*##S&^HStU, ^(D±\zmBm-izm\it 

[0 0 3 7] -D^^^X. miax^n±7.^mmtz:it SScOffi-rrtfCJ;?), f63^**Jftn&|g3tl!l^&» 
fflli5::fD-feXfcj;Dff5Ct*»T$, Xy5^>ifSt 40 [01] »RfP»CfflV>&>!fXV-XMBES|i®«(IIS 

fro fe. r>irJT, n - G a I n mm^mizuA imu [02] 1 (omomwt-mm^^^Ltc^x 

p - G a I n N¥3lfl:gK:ttS1iffi*J 2 0 /imf S *S, 
ttKBIIIIt*J5 0tfm®:^-/h«®Au«ffi («lSf®2 5 [03] n -G a N/p -G aN«ii5ie£^^®»f]Si« 

©SKi'OISrffllidji^&S inr, ¥S«JgSai 5tCa^ [04] n-Gai-x In.N/p-Gai-. InxN#!ji 

t. %7feSg?®l8fiii«|ji§^Ufc0T*5. 
[0 0 3 8] :z<D-:limizXm^nTc^T^^-('y>if [05] n*-GaN/n-GaN/p-GaN«ji^ 

v--^«gfL, K;^^-t^yir~iz^r)^Mm^^xm m'?mmmm^^^Lrcmx$,^. 

IS&ff^m X5i^:^^i'«faiiC<fcS37'«y'5-"i?>ifL. 50 [06] n-Gai-x In.N/l -Gai-, I n,K/p 
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13 

-Gai- 1 n.mmmtm-nmmm^^vkm-v 

[E7] n-Gai-. In.N/p-Gai-T In,N/p 

-Gai-. I n^Nm&mM^ommm&^^btM'v 

mS] n-Gai-iAl.N/i-Gai-,Al,N/p 

- G ai-K Ai t t^mtmi^^ommmm^^hkm'V! 

K9] n-Gai-i-, In>AlTN/i-Gai-.-b I 
n.AUN/p-Gai-.-, 1 n.P.mm^%iim^ 

[010] n-GaN/p-GaN/n-Gai-i I n. 
N/p-Gai-. I nx N«lig^7tiil^®»fffi#l)g^Sb 

[011] Ga I nN5Kffl^^#^#}jg/n-Gai-x I 
niN/p-Gai-i I iir N«}3§^3t^?(D»fS«l3i& 

[012] n-Gai-x I nxN/«^#F«ii/p-G 
ai-x I nxN«3i^*^^0»flS«|jSSSl/fcBI-efc 

[013] GaN-GaInNSjgftT«i/n-Ga 
1-. I nxN/p-Gai-i I n.N«3g^^^®»fH« 

[014] n-Gai-. In.N/p-Gai-. I n.N/ 
n-Gai-, I n,N/p-Gai-, I n,N#|)fi^iSKf' 

[015] ^yvwrnm^i^itrntmo^wmti 

[016] i?>'ttSffii&J&lSU&5iKt^^©¥W0S* 

[017] 3.7y^imm.-^mmLt:.%%mf-<Dw-m^ 

[018] n^-GaN/n-GaN/p-GaN«3i 

[^■^ofe*!^iJII] 

1 Mm-^ 

2 il%ffl;>!y# 
3 

5 

6 i;'7V^>if^X'^ 



!ff@g¥5-335622 

8 ^ 

9 IZ9SffiSS^«fSI 

10 RHEED)H«^«6 

11 RHEEDXi^U-^ 

12 ^v-i-^n^^, 

13 ->^^y^'- 

14 5^-^ry3'— 
1 5 >'V5'^- 

10 16-1'>'^>>^- 

1 7 A*;i/:/ 

18 n-jPHh^yy 

19 tiMa»^>:/ 

2 0 fflliHg«>7' 

21 m. 

2 2 n-GaN»iNI#:H{C}&j3E-r5S1i 

2 3 p-i&5titt i -G aN?Si|s»#HCJg^5|| 



20 24 


n-GaN 


25 


P-GaN 


26 


n-Ga 


I n.N 


27 


p-Ga 


-. I n.N 


28 


n*-GaN 


29 


1-Ga 


N 


30 


i-Ga 


I nrN 


3 1 


p-Ga 


In,N 


32 


n-Ga 


-xAl.N 


33 


I-Ga 


-.Al.N 


30 Z A 


p-Ga 


-.Al.N 


35 


n-Ga 


-x-r I n, A KN 


36 


i -Ga 


-X-, I n. A IsN 


37 


p-Ga 


-.-y I n.A IrN 


38 


Gal n 




39 


GaN- 


GaInNSS«f?«lig 


40 


n-Ga 


-y I nyN 


4 1 


n-Ga 




4 2 




43 


i -SbSV^ttp - G a liw^^m^m 


40 44 




45 




46 




47 







(10) 

[010] 



#l8¥5-3 3 5 6 2 2 
[12117] 
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